This is the first report on the phytochemistry of Nunavik (Québec, Canada) populations of Rhodiola rosea L., a medicinal plant widely used in Eurasia as a tonic and adaptogen. The wild harvested rhizome of the Nunavik populations contained the marker phytochemicals (salidroside, rosarin, rosavin and rosin) reported in authentic Eurasian material, although in lesser amount. Phytochemical profiling by HPLC of the Nunavik populations also showed the presence of new marker compounds not found in the Eurasian material. For quantitative analysis of the phytochemicals, method validation was undertaken, and the marker phytochemicals were measured in the rhizome, leaf, stem, and seeds. The rhizome showed the highest amount of salidroside and rosavins, as well as the highest total phytochemical content. Consequently, the rhizome remains the most medicinally valuable part of R. rosea.
The unique medicinal activity of the plant is attributed to the phenylethanol derivative salidroside (rhodioloside) and the phenylpropanoids rosarin, rosavin and rosin ( Figure 1 ) [1] [2] [3] [4] [5] [6] [7] . The latter compounds are exclusive to R. rosea [8] . The plant has 'adaptogenic' properties and these pharmacologically active compounds are known to be active on the central nervous system [1, 2] . For this investigation, the collected material from the Québec Arctic was analyzed through a new extraction method using accelerated solvent extraction (ASE) and a HPLC analytical method.
The medicinal properties associated with R. rosea have been attributed to the plant's rhizome. Its common names, such as 'gold root', 'roseroot' and 'golden root', illustrate its long-established value [9] . For this reason, the rhizome was the primary focus of investigation. However, other parts of the plant are also used traditionally, for example the leaves are eaten as a vegetable substitute [10] . For this reason, aerial parts of Nunavik plants were examined and the composition of marker phytochemicals in the rhizome, leaf, stem, and seeds were compared Comparison of different extraction methods: First, to maximize the amount of phytochemicals recovered from the botanical extracts, two different extraction methods were examined: the automated extraction with the ASE, and the common laboratory method (90% ethanolic extract). Siberian and Nunavik R. rosea rhizomes were extracted using both methods. The chromatographic profile of the ASE extraction method displays a flatter baseline and therefore a decrease in compound interference by tannins, when compared to the common laboratory method ( Figure 2 ). Results in Table 1 show a slightly lower yield of plant compounds when using the common laboratory method, even though both techniques show good reproducibility. The amount of salidroside showed an increase, although not significant, of approximately 10% when extracted with the ASE, as compared to the common method. Rosarin and rosin however, showed no differences between extraction methods. Rosavin was detected only in samples extracted with the ASE. Since rosarin and rosavin are closely related structurally, higher temperature and pressure settings for the ASE extraction appear to have improved their extraction. Other advantages of using the automated extractor are that reproducibility of the extraction process is improved, since factors such as solvent temperature and pressure can be closely controlled. 
Method validation:
A new method was developed in order to assess the target phytochemicals present in Nunavik extracts. Steps of the method validation process are presented here. For the first step, compound calibration curves showed a linear relationship after adding five different concentrations of each standard at 0.50 mg/mL, 0.25 mg/mL, 0.125 mg/mL, 0.0625 mg/mL and 0.0313 mg/mL. Each showed a regression value (r 2 ) higher than 0.999.
Secondly, to determine the reproducibility and accuracy of this method, analyses were performed each day for three consecutive days. Each compound was then quantified and the coefficient of variation was determined within and between days ( Table 2) .
Intraday variation was highest for rosarin at day 1 and 2. However, the lowest inter-day variation was observed with this compound. This difference between experiments could be due to interference with tannins within the extract. In general, except for rosarin, the variation is well below 5%, which demonstrates good reproducibility of the method. The precision for nine injections of Siberian R. rosea was also calculated for each compound.
The coefficient of variation obtained was for salidroside, 3.84%, rosarin, 5.57%, rosavin, 1.86% and rosin, 3.00%. Finally, recovery analyses were conducted on Siberian material. Samples of dried rhizome were spiked with tyrosol, also a medicinally active compound [1, 2] . Levels (1-4) used were: 0.60 mg/mL, 0.30 mg/mL, 0.15 mg/mL and 0.075 mg/mL. Each spiked sample was prepared in duplicate. Results showed a recovery range from 74.4 % to 92.1 %. For level 1 to 4, percent recoveries were as followed: 74.4%, 81.8%, 90.6% and 92.1% and coefficients of variation among both replicates were calculated as 6.89%, 6.84%, 3.34% and 5.96%. In short, recovery after ASE extraction was above 74% with low variation between replicates (< 7%).
Siberian versus Nunavik R. rosea: R. rosea of Siberian origin has been studied extensively over the past decades [11] . However, Nunavik R. rosea has never been characterized. This research, supported by the Inuit development corporation Makivik, was designed to determine the resource potential of the Nunavik medicinal plant. Although the phytochemical markers of Siberian plants occur in the Nunavik populations, the chromatographic profiles illustrate differences in chemical composition between the cultivated Siberian R. rosea and the wild Nunavik plants (Figure 3 ). New compounds are present in the Nunavik rhizome and an important accumulation of tannins is visible in the central part of the chromatogram. Future phytochemical studies will need to identify these new marker compounds.
Quantification of different plant parts:
Roseroot is known for the medicinal activity conferred by its rhizome [1] [2] [3] . However, other parts of the plant are also used traditionally, for instance as a food substitute [10] . In this study, we have characterized the phenolic glycoside content of four different parts of the plant (leaf, rhizome, stem and seeds). Results show that the four target compounds (salidroside, rosarin, rosavin and rosin) are present in both the leaf and stem, whereas only three are identified in the rhizome and seeds ( Figure 4A ). Salidroside was found to be the highest in the rhizome, followed by the seeds, leaf and stem. As for the total rosavin content (rosavin, rosarin, and rosin), the amount was highest in the rhizome followed by the leaf, stem, and seeds. In Figure 4B , the rhizome displayed the highest total phytochemical content with 2.12 mg/g, although not significantly so. The highest content of salidroside and rosavins is found in the wild rhizome of Nunavik R. rosea, which confirms its medicinal importance [1] . A study by Hohtola et al. (2005) reported similar findings for R. rosea of Finnish origin [13] . The plant's rhizome contained the highest concentration of salidroside, as opposed to the leaves. However, Petsalo et al. (2006) detected no phenylpropanoids in the aerial parts of the plant, although flavonoids were abundant [14] . In conclusion, this preliminary report of Nunavik R. rosea provided evidence that the Nunavik species contained marker compounds considered to be unique for the species, as well as medicinally relevant. Future studies will characterize the novel phytochemicals present in the Québec populations and establish the limit of detection of the compounds. Different extraction methods have demonstrated an advantage in using the automated extractor. The ASE chromatogram showed lower tannin interference with the marker compounds ( Figure 2 ). The method validation process confirmed the effectiveness of the HPLC analytical method. Lastly, phytochemicals from different parts of the plant were found in different concentrations with the rhizome containing the highest quantity of bioactive compounds as opposed to the stem, which contained the least (Figure 4 ). The medicinal value of R. rosea is confirmed to be in the rhizome.
Future work will investigate the new phytochemicals specific to Nunavik R. rosea, as well as the influence of environmental factors on the phenolic glycoside content of wild and cultivated rhizomes of Nunavik populations.
Experimental

Sample collection and preparation:
Fresh samples of R. rosea were collected in Nunavik, QC, Canada ( Figure 5 ). At each collection site, global positioning system (GPS) points were recorded and voucher specimens were gathered and stored at Marie-Victorin Herbarium (Montréal, QC, Canada). Cultivated Siberian R. rosea rhizomes were donated by Klickitat organics (WA, USA). Samples of rhizome, leaf, stem and seeds of wild Nunavik plants were stored separately in 40 mL of 90% ethanol at 4°C at the University of Ottawa (ON, Canada). The samples collected in the field were stored directly in ethanol since facilities for drying were not locally available. Prior to extraction, the wet samples were filtered from the storage solvent and dried at ~35°C for 12 h (NESCO® Food dehydrator) then ground into a coarse powder.
ASE extraction method:
The dried samples were extracted using the ASE® 200 Accelerated Solvent Extractor (Dionex, Sunnyvale, CA, USA). Each sample of varying weight was extracted twice in 33 mL ASE cells using 90% ethanol heated at ~50°C for 15 min at pressure of 2000 psi. The cell was then flushed at 100% ethanol and purged for 120 sec. The ASE liquid extract and previously filtered storage solvent were pooled and evaporated to dryness using the Automatic Environmental Speedvac® System (AES 2010 from Savant) at ambient temperature on full vacuum.
Common laboratory extraction method:
The conventional laboratory extraction method involved extraction in 90% ethanol at a ratio of 1g: 10 mL of ground material, which was then shaken continuously for 12 h. This process was repeated three times and the resulting liquid extract was filtered and combined with the storage solvent. The pooled extracts were dried on a rotary evaporator at ~40°C and analyzed by HPLC.
HPLC-DAD analyses:
High performance liquid chromatography (HPLC) analyses were performed on an Agilent 1100 series HPLC system (Agilent Technologies, Santa Clara, CA, USA) using Chem Station LC 3D software (Rev. A09.01). The HPLC system consisted of an auto sampler, quaternary pump, degasser, column thermostat (off line) and diode array detector. The HPLC method was adapted from Tolonen et al. (2003) . All samples (rhizome, leaf, stem, and seeds) were analyzed using the same HPLC method. Each botanical extract was filtered through a PTFE membrane of 0.2 µm (Chromatographic Specialties Inc., Brockville, ON, Canada) and injected, at a volume of 5 µL, through an auto sampler onto a Luna C18 column (150 x 4.60 mm, particle size 5 µm) from Phenomenex (Torrance, CA, USA). The HPLC column was connected to a Table 3 describes the solvent gradient according to time (min) and flow rate (mL/min). The total run time for each analysis equaled 30 min with 5 min of post-run time. Quantification analyses were recorded at detection signals of 210 nm for salidroside and at 254 nm for the rosavins.
Method validation for HPLC analysis:
Validation of this method was performed on the HPLC-DAD instrument described above. The first step of this process was to construct a calibration table.
Calibration of the HPLC-DAD was obtained from standard solutions of salidroside, rosarin, rosavin, and rosin, in 90% ethanol at five different concentrations: 0.50 mg/mL, 0.25 mg/mL, 0.125 mg/mL, 0.0625 mg/mL and 0.03125 mg/mL. Standards were obtained from ChromaDex™ (Irvine, CA, USA). Calibration curves were used to create the linear range for each external standard. The second step was to determine inter-day variability by analyzing the same extract three times a day for three days. This step as well as the precision on nine injections assessed the variation of the HPLC method between replicates. The recovery analysis examined the amount of the standard, tyrosol, also obtained from ChromaDex™, recovered from the ASE extraction. All experiments were conducted in triplicate, and coefficients of variance were calculated and used to compare variation between different HPLC runs. The coefficient of variance was calculated as standard deviation/mean x 100%. A coefficient of variance lower than 5% indicated low variation.
Statistical analysis:
All statistical analyses were performed on the S-plus software version 7.0 (Insightful Corporation, Seattle, USA). The tests performed were a one-way ANOVA followed by a Tukey post-hoc test, and an unpaired t-test. These analyses were used to evaluate differences between the total phytochemical content and comparison of extraction method experiments.
For method validation, a simple linear regression was used for the compound calibration and intra-and inter-day data.
